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Illegal overtaking is a major contributor to traffic accidents in the Kingdom of Saudi Arabia. It is the second most frequent cause of traffic
accidents after speeding, and responsible for 10% of all traffic accidents in the year 2001. This paper evaluates the extent of illegal overtaking in the
study area and examines the effect of time and alignment on its frequency. The study took place in the eastern part of the Kingdom of Saudi Arabia
and covered tangent sections and horizontal curves during off-peak, peak, and night-time periods. It was concluded that overtaking violations in the
study area were statistically influenced by alignment and traffic volume. Overtaking along tangent sections was statistically more than that on horizon-
tal curves. The number of overtaking vehicles in a given direction was found to proportionally increase with the traffic volume in the same direction
and decrease with the traffic volume in the opposite direction. On average, the overtaking violations constituted 2.1% of the observed traffic volume
(in both directions) during 98 hours of data collection in the study area.
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1. INTRODUCTION
Traffic violation is a major contributor to traffic ac-
cidents in the Kingdom of Saudi Arabia. According to
the 2001 traffic accident statistics, overspeeding and il-
legal overtaking were the most frequent causes of traffic
accidents in the Kingdom1. These two traffic violations
alone were responsible for 51% of all the traffic accidents
in the year 2001. Nevertheless, the seriousness of illegal
overtaking does not manifest itself in current traffic en-
forcement practices. While illegal overtaking is respon-
sible for 10% of the traffic accidents, it is not even listed
among the traffic violations (citations) in the Kingdom’s
traffic statistics report1. The most frequent traffic citations
in the previous report were overspeeding, driving with-
out a driving license and illegal parking. These three traf-
fic violations constituted 49% of all the traffic citations
for the year 2001. Consequently, traffic enforcement
based on traffic citations does not reflect the magnitude
of illegal overtaking.
Recent USA statistics show that “improper” over-
taking was a factor in 0.9% of all traffic accidents in the
year 20002. This means that the rate in the Kingdom
(10%) is eleven times that in the USA, which is another
clear indication of the seriousness of this traffic safety
problem.
The objective of this paper is to quantify the extent
of illegal overtaking in the study area and to explore
where and when this violation occurs most frequently.
2. STUDY AREA
The study was conducted in one large metropolitan
area in the eastern part of the Kingdom of Saudi Arabia.
The area comprises four interconnected cities, namely
Dammam, Qatif, Khobar and Dhahran. All sites within
this metropolitan area in which overtaking is prohibited
by clear signs and/or visible lane markings, were candi-
dates for investigation. An exhaustive search in the study
area revealed that there were twenty such sites. These
sites were located either on horizontal curves or along
tangent sections with multi-openings. All sites were il-
luminated at night and had lane markings to indicate no
overtaking zones.
3. EXPERIMENTAL DESIGN
There are a number of factors which might influ-
ence overtaking violations that are worth investigating.
However, due to the limited resources of this study and
the unavailability of geometry and traffic data for the area
(radius of curves, speed characteristics, accident records,
etc.), only time and alignment were considered in this
study. Vehicle type was not introduced as a parameter in
the study because it was found in a pilot study that pas-
senger cars constituted 99.8% of all traffic in the candi-
date sites. Moreover, the remaining 0.2% of traffic
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consists primarily of light delivery trucks and mini-buses
which are not very different from passenger cars in terms
of operating characteristics. The time factor was expected
to indirectly capture the effect of other important param-
eters such as visibility and trip purpose. Three time peri-
ods were studied: off-peak (12–3 PM), peak (4–6 PM)
and a night-time period (6–8 PM). The off-peak period
represents low traffic volume with daylight visibility. The
peak period represents high traffic volume in semi-dusk
conditions. The night-time period represents high traffic
volume in street-illumination conditions.
Alignment is an important factor in terms of sight
distance and safety. In the study area, it is usually more
hazardous to commit an overtaking violation on curves
than along tangent sections. Prohibiting overtaking on
curves is attributed to a limited sight distance, while over-
taking along tangent sections with multi-openings is pro-
hibited in the study area to minimize conflict and friction
between vehicles.
With the above hypotheses and under the constraint
of the limited resources available for the study, seven lo-
cations of each alignment category were randomly se-
lected from the twenty candidate sites. Thus, the studied
sample (i.e., 14 sites) represented 70% of the twenty can-
didate sites. Locations within each alignment category
were similar in terms of land use and street furniture. At
each location, a team of two persons recorded traffic vol-
ume (both directions) and its associated number of over-
taking vehicles for seven hours, covering off-peak, peak,
and night-time periods in one day. Thus, a total of 98
hours of traffic observation was undertaken in this study.
The same team was used throughout the study to enhance
the consistency and reliability of the data. The data was
collected on typical working days. Table 1 summarizes
the experimental design followed in this study. A total
of 42 data points were obtained by observing traffic at
each location during the three time periods (i.e., 14 loca-
tions * 3 time periods). The percentage of overtaking ve-
hicles was then calculated for each data point by divid-
ing the number of overtaking vehicles by the total vol-
ume and multiplying the ratio by one hundred.
4. RESULTS
The average hourly volume in the study area ranged
between 650 vph and 900 vph (both directions) as shown
in Fig. 1. During the 98 hours of data collection, a total
of 77,525 vehicles were observed, out of which 1,601 ve-
hicles performed an illegal overtaking maneuver. The per-
centage of overtaking vehicles for the 42 data points
ranged between 0.33 and 4.34 with an average and stan-
dard deviation of 2.06 and 0.93, respectively.
The “two-way ANOVA” analysis utilized in Table
2 clearly suggests that neither the road alignment nor the
time period has any effect on the percentage of overtak-
ing vehicles at a 90% confidence level. To examine the
relation between the number of overtaking vehicles and
the traffic volume (both-directions), a linear regression
analysis was conducted between the total volume as an
Table 1  Design of the study
Alignment Number of Time Period Number of
investigated sites Off-peak Breaka Peak Night-time experimental blocks
Horizontal Curve 7 3 hours 2 hours 2 hours 21b12–3 PM
3–4 PM
4–6 PM 6–8 PM
Tangent Sections 7 3 hours 2 hours 2 hours 21b12–3 PM 4–6 PM 6–8 PM
a Break: Time for observer to rest.
b Each of the 7 sites was studied for 3 time periods.
Fig. 1  Average hourly volume in the study area
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independent variable (i.e., predictor) and the number of
overtaking vehicles in both directions as the dependent
variable. The resulting regression model is reported as
model 1 in Table 3. It should be mentioned that the in-
tercept of the model is statistically not different from zero
at the 90% confidence level, therefore the model was
forced through the origin as shown in Table 33.
To have a better understanding of the overtaking
behavior, the observations were fragmented into number
of overtaking vehicles and traffic volume per direction.
Table 2  Effect of time and alignment on the percentage of overtaking vehicles
ANOVA: Two-factor with replication
SUMMARY
  Curve Tangent    Total
Off-peak
Count 7 7   14
Sum 9.990 16.951 26.940
Average 1.427 2.422 1.924
Variance 0.430 0.639 0.760
Peak
Count 7 7 14
Sum 16.620 16.212 32.832
Average 2.374 2.316 2.345
Variance 1.363 1.150 1.161
Night-time
Count 7 7 14
Sum 12.514 14.015 26.529
Average 1.788 2.002 1.895
Variance 0.967 0.484 0.682
Total
Count 21 21
Sum 39.124 47.177
Average 1.863 2.247
Variance 0.988 0.715
ANOVA
Source of variance SS df MS F P-value F cri (90%)
Time 1.776 2 0.888 1.059 0.357 2.456
Alignment 1.544 1 1.544 1.841 0.183 2.850
Interaction 2.090 2 1.045 1.245 0.300 2.456
Within 30.200 36 0.839
Total 35.610 41
Table 3  Regression models for predicting number of overtaking vehicles
Model Variables Data used X a Coefficient Coefficient R 2 Adjusted Error mean Residual sum
no. used of X 1b of X2c R2 square of squares
(MSE) (SSR)
1 X Both directions data 0.021 – – 0.359 0.334 354.5 14,535
2 X1 All fragmented data – 0.022 – 0.396 0.384 123.2 10,225
3 X1 & X2 All fragmented data – 0.034 –0.012 0.465 0.446 110.5 9,059
4 X1 & X2 Curve fragmented data – 0.027 –0.008 0.424 0.385 106.6 4,262
5 X1 & X2 Tangent fragmented data – 0.045 –0.022 0.557 0.521 101.4 4,054
a: traffic volume in both directions; b: traffic volume in the same direction; c: traffic volume in the opposite direction.
Notes:1) All models are forced through origin.
2) All coefficients are significant at the 90% confidence level.
3) For model 1, overtaking and traffic volume are for both directions.
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Consequently, each observation (i.e. total number of over-
taking vehicles and traffic volume in both directions) is
split into two observations. Each of these observations
consists of the number of overtaking vehicles in one di-
rection (y1), traffic volume in the same direction (X1), and
traffic volume in the opposite direction (X2). Traffic vol-
umes (X1 and X2) interchange their role when related to
the number of overtaking vehicles in the other direction
(y2) at the same location.
Tables 4 and 5 show the result of “two-way
ANOVA” analysis on the fragmented data. It is clear from
Table 4 that alignment and time period have no effect on
the number of overtaking vehicles at the 90% confidence
level. However, when the number of overtaking vehicles
is normalized for the volume (number of overtaking ve-
hicles divided by the traffic volume in the same direc-
tion, reported as a percentage), alignment only becomes
a significant factor as shown in Table 5. Traffic align-
ment seems to explain part of the overtaking behavior
when looked at in conjunction with traffic volume. Table
5 indicates that the average percentage of overtaking ve-
hicles along a tangent section (2.3%) is higher than the
percentage on curves (1.8%). This behavior is reasonable
in the study area since it is more hazardous to perform
overtaking maneuver on horizontal curves than on tangent
sections. As mentioned earlier, prohibiting overtaking on
curves is attributed to a limited sight distance, while over-
taking along tangent sections with multi-openings is pro-
hibited in the study area to minimize conflict between
vehicles. Therefore, the regression analysis was repeated
on the fragmented data using traffic volume in the first di-
rection (X1), number of overtaking vehicles in the oppo-
site direction (y2), and traffic volume in the opposite
direction (X2) to predict the number of overtaking ve-
Table 4  Effect of time and alignment on the number of overtaking vehicles using fragmented data
ANOVA: Two-factor with replication
SUMMARY
  Curve Tangent    Total
Off-peak
Count 14 14 28
Sum 129 261 390
Average 9.214 18.643 13.929
Variance  51.258 239.786 163.180
Peak
Count 14 14 28
Sum 292 258 550
Average 20.857 18.429 19.643
Variance 297.209 52.264 169.794
Night-time
Count 14 14 28
Sum 229 238 467
Average 16.357 17 16.679
Variance 132.555 33.846 80.226
Total
Count 42 42
Sum 650 757
Average 15.476 18.024
Variance 176.060 103.877
ANOVA
Source of variance SS df MS F P-value F cri (90%)
Time 457.357 2 228.679 1.700 0.189 2.372
Alignment 136.298 1 136.298 1.013 0.317 2.771
Interaction 530.167 2 265.083 1.971 0.146 2.372
Within 10489.929 78 134.486
Total 11613.75 83
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Table 5  Effect of time and alignment on the percentage of overtaking vehicles using fragmented data
ANOVA: Two-factor with replication
SUMMARY
  Curve Tangent    Total
Off-peak
Count 14 14 28
Sum 19.362 33.624 52.986
Average 1.383 2.402 1.892
Variance 0.573 0.950 1.002
Peak
Count 14 14 28
Sum 33.066 32.993 66.059
Average 2.362 2.357 2.359
Variance 1.652 1.273 1.408
Night-time
Count 14 14 28
Sum 24.956 28.335 53.291
Average 1.783 2.024 1.903
Variance 1.086 0.555 0.805
Total
Count 42 42
Sum 77.384 94.952
Average 1.842 2.261
Variance 1.215 0.910
ANOVA
Source of variance SS df MS F P-value F cri (90%)
Time 3.976 2 1.988 1.959 0.148 2.372
Alignment 3.674 1 3.674 3.620 0.061 2.771
Interaction 3.998 2 1.999 1.970 0.146 2.372
Within 79.169 78 1.015
Total 90.817 83
hicles in the first direction (y1). All possible one-, two-,
and three-variable regression models were built and in-
vestigated. Only those models which are relevant are re-
ported in Table 3.
The possible improvement of each model due to
segmentation with respect to alignment was statistically
tested using the following “F” test:
(SSR – SSRG/k(NG –1)
SSRG/(N – kNG)F = ······································ (1)
 Ho : no improvement by segmentation  vs.
 H1     :  segmentation improves the fit
where,
SSR : residual sum of squares of the pooled
model;
SSRG : sum of residual sum of squares of the seg-
mented models;
k : number of parameters;
NG : number of segments (2 in this study);
N : total number of observations;
Fα : df1 = k (NG – 1) & df2 = N – k (NG).
The statistical difference between the coefficients
of the same variable in the two regression models (i.e.
the two segments) was tested using the following “t” test:
β1 – β2 n1n2n1 + n2
n1(δβ1)2 + n2(δβ2)2
n1 + n2 – 2
t = ············································ (2)
Ho : β1 = β2  vs.  H1 :  β1 ≠ β2
where,
β1 : coefficient of a given variable X in the first
model (segment);
β2 : coefficient of the same variable in the
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       second model (segment);
n1 & n2 : number of observations in the first and
second segment, respectively;
δβ1 & δβ2 : standard deviation of the estimate of β1
and β2.
All regression models in Table 3 are forced through
the origin because their intercepts were statistically not
different from zero at the 90% confidence level3. Mar-
ket segmentation with respect to alignment was tried on
all models of Table 3, and found to improve the regres-
sion fit of model 3 only. The value of the “F” statistic
(Equation 1) for testing possible improvement due to seg-
mentation was 3.57, which is highly significant at the
90% confidence level. Thus, market segmentation signifi-
cantly improves the fit of model 3. Furthermore, the co-
efficient of X1 (traffic volume in the same direction) in
the curve model (model 4) was statistically different from
the coefficient of X1 in the tangent model (model 5). The
same was true for the coefficient of the traffic volume in
the opposite direction (X2). The “t” statistic for examin-
ing the difference between the coefficients in the two seg-
ments (Equation 2) was found to be 14.8 and 11.8 for X1
and X2, respectively. These values are highly significant
at the 90% confidence level and indicate a clear differ-
ence between the curve and tangent models.
It is clear from Table 3 that when one variable is
used to explain the overtaking behavior, the traffic vol-
ume in the same direction of overtaking vehicles (X1) is
superior to the traffic volume in both directions (X).
Model 2 has a higher value of R2 and lower MSE when
compared to model 1. The explanatory power of model
2 is significantly improved by introducing the traffic vol-
ume in the other direction (X2) as a second variable.
Model 3, which uses X1 and X2, is superior in terms of
R2 and MSE when compared to model 2 and model 1.
The variable coefficients of model 3 are reasonable and
indicate that the number of overtaking vehicles in a given
direction proportionally increase with the traffic volume
in the same direction, and decrease with the traffic vol-
ume in the opposite direction. As discussed previously,
the fit of model 3 is significantly improved by segment-
ing it into a model for predicting overtaking on curve
(model 4) and another model for predicting overtaking
along tangent sections (model 5). The assumptions of nor-
mality, independence and equal variance of both models
were checked graphically and seem to be reasonable. The
coefficient of determination (R2) and the error mean
square (MSE) of these models are also reasonable. All
of the above clearly indicate that the overtaking behav-
ior can best be described by models 4 and 5.
5. CONCLUSIONS
The number of overtaking vehicles is affected by
alignment when viewed in the perspective of traffic vol-
ume in the same direction of overtaking vehicles. The
average percentage of overtaking vehicles (number of
overtaking vehicles divided by traffic volume in the same
direction, reported as a percentage) on curves is 1.8%,
while the percentage along tangent sections is 2.3%. This
behavior is expected in the study area where it is more
difficult and hazardous to commit an overtaking viola-
tion on curve than along tangent section. It seems that it
is hard to convince drivers not to perform an illegal over-
taking maneuver along tangent sections where prohibit-
ing overtaking is done to minimize conflict between
vehicles, and not due to any limited sight distance as in
the case of overtaking on curves. In both types of align-
ment (i.e. curve and tangents), the number of overtaking
vehicles can be reasonably predicted by the traffic vol-
ume in the same direction and the traffic volume in the
opposite direction as shown by model 4 and model 5. As
expected, the number of overtaking vehicles is more af-
fected by the traffic volume in the same direction than
by the volume in the opposite direction. The volume in
the opposite direction in both model 4 and model 5 works
as a correction factor (i.e. negative coefficient) for the ef-
fect of the traffic in the same direction, which possesses
a positive coefficient. It should be emphasized that the
number of overtaking vehicles is not expected to increase
indefinitely with traffic volume in the same direction as
what both model 4 and model 5 suggest. These models
are valid only for the traffic volume range studied (650–
900 vph, in both directions), which is low and well be-
low the capacity of two-lane highways. It is not expected
for this relation to exist at a larger volume approaching
the road capacity, where maneuverability is limited.
In general, the overtaking violations in the study
area constituted 2.1% of the traffic volume (both direc-
tions). This is the average of 42 sites during 98 hours of
observation, which is a high percentage and represents a
serious safety problem when viewed in the perspective
of the 10% of traffic accidents caused by illegal overtak-
ing. Nevertheless, traffic enforcement in terms of traffic
citations does not reflect the seriousness and magnitude
of this traffic violation. Therefore, there is a clear need
for more stringent traffic enforcement of overtaking vio-
lation in the study area. However, prohibiting overtaking
along tangent sections should be studied carefully and
must not be introduced unless engineering studies show
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a real need for it. The effect of introducing no passing signs
in addition to no passing lane marking should be studied
as a means to reduce the large overtaking violations.
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